UK Patent Application o.,GB m,2410518 m.A 



(43) Date of A Publication 03.08.2006 



(21) 


Application No: 


0500697.2 


(51) 


INTCL^: 










E21B 43/10 


(22) 


Date of Rimg: 


12.112002 












(52) 


UKCL (Edition X): 




Date Lodged: 


01.04^005 




E1FFLA 


(30) 


Priority Data: 




(56) 


Documents Cited: 




(31) G0338996 


(32) 12.112001 (33) US 




wo 2001/038899 Af 




(31) 60339013 


(32) 12.112001 








(31) 60363829 


02) 13.032002 


(56) 


Reld of Search: 




(31) 60387961 


(32) 12.062002 




INTCL^E21B 










Othar OnltM* WPl FPODOC 

WUlBl. VI ■HI W* Wr 1. CrwtJ<kVW 


(62) 


Divided from Application No 








0412533^ under Section 15(4) of the Patents Act 1977 






(71) 


Applicant(8): 










Enveniura Global Technology 








(incorporatod In USA 


- Delaware) 








16200-A Perk Row, Houston. Texas 77084. 








United Statas of Arm 


irica 






(72) 


Inventor(s): 










Brock Wayne Watsov 


1 








DavM Paul Briseo 












(continued on next page) 







(54) Abstract Title: Collapolblo oxpanslon cone osoombly 



(57) A collapsible expansion cone assembly comprises 



an upper cam assembly 38, a lower cam assembly 
40, and arrays of upper and lower expansion cone 
segments A4, AS, Each cam assembly includes a 
tubular base 38a, 40a and extending arms 38c, 40c 
defining inclined surfaces (38cbb, Fig 4a), (40cbb, 
Fig 3b)« The upper expansion cone segments are 
interleaved with the upper cam arms, as are the 
lower cone segments with the lower cam arms. As 
the cam assemblies are moved together, the cones 
expand. The upper and lower expansion cones may 
overlap. The cone segments may be pivotally 
supported by upper and lower tubular support 
members 42, 48. 




GB 2410S18 A eontlmiatlon 



(74) Agent anci/or Address for Service: 
HaflsMna Leke & Co 
Reddirr Quay, 120 Reddlff Street; 
BRISTOL B81 6HU. United Kinsdom 



o 



1/20 




Fig, la Fig. lb 



2/20 




Fig. 2b 



3/20 




Fig. 3 



4/20 



22 




5/20 



34 




Fig, 3b 



6/20 




mo 



34 




Fig, 4a 



8/20 




38b 38 9120 




10/20 




Fig. 7 c 



38 

38a 38b 38b 



11/20 



38aa 



38ca- 
38c 



38cb 



38cc- 




38cb 



38cc 



Fig. 7d 



38 

38a 38b 38b 



38aa 




38cb 



38cc 



Fig. 7e 




40b 40b 40a 
Fig. 7f 




Fig. 8a Fig. 8c 




Fig. 8e 




Fig. 10a Fig. 10b 




Fig. 11a Fig. lib 



nno 




Fig, 13 



W20 




Fig. 14 



19/20 




10 



34- 




Fig. 17a 



Fig. 17b 



2410518 



COLLAPSIBLE EXPANSION CONE 

Cross Reference To Related Applications 
The present application dalms the benefit of the filing dates of: (1) U.S. provisional 
patent appHcation serial no. 60/338,996, attorney docket no. 25791.87, filed on 
11/12/2001. (2) U.S. provisional patent application serial no. 60/339,013, attorney 
docket no. 88, filed on 11/12/01 (3) U.S. provistonal patent application serial no. 
60/363,829. attorney docket no. 25791.95, filed on 3/13/2002. and (4) U.S. provisional 
patent application serial no. 60/387.961. attorney docket no. 25791.108. filed on 
6/12/2002. the disclosures of which are incorporated herein by rtference. 

The present appficatton is related to the foHowing: (1) U.S. patent applicatton serial no. 
09/454,139. attorney docket no. 25791.03.02. fited on 12/3/1999. (2) U.S. patent 
applicatten serial no. 09/510.913. attorney docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent applk»tion serial no. 09/502.350. attorney docket no. 25791.8.02. fited 
on 2/10/2000. (4) U.S. patent no. 6,328.113. (5) U.S. patent application serial no. 
09/523.460. attorney docket no. 25791.11.02. fited on 3/10/2000. (6) U.S. patent 
appNcatten serial no. 09/512.895. attorney docket no. 25791.12.02. fited on 2/24/2000. 
(7) U.S. patent applicatton serial no. 09/511,941, aUomey docket no. 25791.16.02, filed 
on 2/24/2000, (8) U.S. patent applicatton serial no. 09/588,946, attorney docket no. 
25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial no. 09/559.122, 
attorney docket no. 25791.23.02. filed on 4/26/2000. (10) POT patent application serial 
no. PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provistonal patent applicatten serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 11/1/1999. (12) U.S. provisnnal patent appiicatton serial no. 60/154.047, attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provistonal patent application serial 
no. 60/159.082. attorney docket no. 25791.34, filed on 10/12/1990, (14) U.S. 
provisional patent applicatten serial no. 60/159,039. attorney docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provistenai patent application serial no. 60/159.033. attorney 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. proviskMial patent application serial 
no. 60/212,359. attorney docket no. 25791.38. fited on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165,228, attorney docket no. 25791.39. filed on 
11/12/1999. (18) U.S. provisional patent application serial no. 60/221.443, attorney 
docket no. 25791.45, fried on 7/28/2000, (19) U.S. provistenal patent applteation serial 
no. 60/221.645, attorney docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional 
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patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent applteation serial 
no. 60/270.007, attorney docket no. 25791 .50, filed on 2/20/2001, (23) U.S. provisional 
5 patent application serial no. 60/262,434, attorney docket no. 25791.51. filed on 
1/17/2001, (24) U.S, provisional patent application serial no. 60/259,486, attorney 
docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent applicatk>n serial 
no. 60/303,740. attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. provisional 
patent application serial no. 60/313,453, attorney docket no. 25791.59, filed on 
10 8/20/2001, (27) U.S. provisional patent application serial no. 60/317,985, attorney 
docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent application serial 
no. 60/318,021, attorney docket no. 25791.58, filed on 9/7/2001, (29) U.S. proviskxial 
patent applk:ation serial no. 60/3318,386, attorney docket no. 25791.67.02, filed on 
9/10/2001, (30) U.S. provistonal patent application serial no. 60/326.886. attorney 
15 docket no. 25791.60, filed on 10/3/2001, (31) U.S. ufility patent application serial no. 
09/969.922, attorney docket no. 25791.69, filed on 10/3/2001. (32) U.S. provisional 
patent application serial no. 60/338,996« attorney docket no. 25791.87, filed on 
11/12/2001, (33) U.S. provisional patent application serial no. 60/339,013, attorney 
docket no. 25791.88, filed on 11/12/2001, (34) U.S. utility patent application serial no. 
20 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (35) U.S. provisional 
patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on 
12/27/2001, (36) U.S. provisional patent application serial no. 60/346,309, attorney 
docket no 25791.92, filed on 1/7/2002, (37) U.S. provistonal patent application serial 
no. 60/357,372, attorney docket no. 25791.71. filed on 2/15/2002. (38) U.S. provisional 
25 patent application serial no. 60/363.829, attorney docket no. 25791.95. filed on 
3/13/2002, (39) U.S. provisk)nal patent application serial no. 60/372,048, attorney 
docket no. 25791.93, filed on 4/12/2002, (40) U.S. provisional patent application serial 
no. 60/372,632, attorney docket no. 25791.101, filed on 4/15/2002, (41) U.S. 
provisional patent application serial no. 60/380,147, attorney docket no. 25791.104, 
30 filed on 5/6/2002, (42) U.S. provistonal patent application serial no. 60/383,917, 
attorney docket no. 25791.89, filed on 5/29/2002, (43) U.S. provisional patent 
application serial no. 60/387,486, attorney docket no. 25791.107, filed on 6/10/2002, 
(44) U.S. provisronal patent application serial no. 60/387,961, attorney docket no. 
25791.108, filed on 6/12/2002, (45) U.S. provisional patent application serial no. 
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60/391.703. attorney docket no. 25791.90. filed on &2BJ2O02. (46) U.S. provisional 
patent applcalion serial no. 60/397,284. attorney docket no. 25791.106. filed on 
7/19/2002. (47) U.S. provistonal patent application serial no. 60/398.061, attonwy 
docket no. 25791.110, filed on 7/24/2002. (48) U.S. provistonal patent applicatton serial 

5 no. 60/399,240, attorney docket no. 25791.111. filed on 7/29/2002, (49) U.S. 
provlstonal patent appiicatton serial no, 60/405,610, attorney docket no. 25791.119. 
filed on 8/23/2002. (50) U.S. proviskmai patent appllcatton serial no. 60/405,394, 
attorney docket no. 25791.120. filed on 8/23/2002, (51) U.S. provisional patent 
appUcatlon serial no. 60/407.442, attorney docket no. 25791.125, filed on 8/30/2002, 

10 (52) U.S. provisional patent applteation serial no. 60/412.542, attorney docket no. 
25791.102, filed on 9/20/2002, (53) U.S. provistonal patent application serial no. 
60/412,177. attorney docket no. 25791.117, filed on 9/20/2002, (54) U.S. provisional 
patent applteation serial no. 60/412,653, attorney docket no. 25791.118. filed on 
9/20/2002. (55) U.S. provistonal patent appllcatton serial no. 60/412.544, attorney 

15 docket no. 25791 .1 21 , filed on 9/20/2002. (56) U.S. provisional patent appllcatton serial 
no. 60/412.187. attorney docket no. 25791.128, filed on 9/20/2002, (57) U.S. 
provistonal patent application serial no. 60/412,187, attorney docket no. 25791.127, 
filed on 9/20/2002, (58) U.S. provisional patent application serial no. 60/412,487, 
attorney docket no. 25791.112, filed on 9/20/2002. (59) U.S. provisional patent 

20 appHcation serial no. 60/412,488. attorney docket no. 25791.114. filed on 0/20/2002. 
and (60) U.S. provistonal patent appllcatton serial no. 60/412,371, attorney docket no. 

25791.129, filed on 9/20/2002. . (61) PCT Patent Application No. PCT/US02 . 

attorney docket no. 25791.87.02, filed on 11/11/02 and (62) PCT Patent Applfcatton 
No. PCT/US02 , attorney docket no. 25791.88.02. filed on 11/11/02. ttie 

25 disclosures of wtiich are incorporated herein by reference. 

Background Of Ttie Invenfion 

This invention relates generally to oil and gas exptoralton. and in particular to fonning 
30 and repairing welbore casings to facilitate oil and gas exploration. 

During oil exploration, a welllxire typlcadly traverses a nunrrtser of zones wittiln a 
subterranean formation. Wellbore cadngs are then formed in ttie weObore by radially 
«qpanding and plastically defonning tubular members that are coupled to one anotiier 
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by threaded connections. Existing methods for radially expanding and plastically 
defomiing tubular memt)er5 coupled to one anottier by threaded connections are not 
always reliable or produce satisfactory results. In particular, ti^e threaded connections 
can be damaged during the radial expansion process. 

The present invention is directed to overcoming one or more of tiie Hmitations of the 
easting processes for radially expanding and plastically deforming tubular members 
coupled to one another by threaded connections. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially expanding 
and plastically defomning an expandable tubular member is provided that includes an 
upper tut>ular support member defining a first passage, one or more cup seals coupled 
to the exterior surface of the upper tubular support member for sealing an interface 
between the upper tutnilar support member and the expandable tubular member, an 
upper cam assembly coupled to ttie upper tubular support member comprising: a 
tubular base coupled to the upper tubular support member, and a plurality of cam arms 
extending from the tutnilar base In a downward longitudinal direction, each cam arm 
defining an inclined surface, a plurality of upper expansion cone segments Interteaved 
wtth ttie cam arms of the upper cam assembly and pivotally coupled to tiie tubular 
support meml>er, a lower tubular support memt>er defining a second passage fluidldy 
coupled to the first passage releasably coupled to ttie upper tubular support member, 
and a lower cam assemt)iy coupled to ttie lower tubular support member comprising: a 
tiibular base coupled to tt)e lower tubular support member, and a plurality of cam anns 
extending from the tubular t>ase in an upwanj longitudinal direction, each cam ami 
defining an inclined surface that mates wtth the inclined surface of a conresponding one 
of ttie upper expansion cone segments, wherein the cams arms of the upper cam 
assembly are interieaved with and overiap the cam amis of tiie lower cam assembly, a 
plurality of lower expansion cone segments interleaved with cam arms of the lower cam 
assembly, each lower expansion cone segment pivotally coupled to the lower tubular 
support member and mating with ttie inclined surface of a corresponding one of the 
cam arms of the upper cam assembly, wherein the lower expansion cone segments 
interleave and overiap the upper expansion cone segments, and wherein the upper 
and lower expansion cone segments together define an arcuate spherical external 
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surface for plastically deforming and radially expanding the expandat>le tubular 
member. 

According to another aspect of the present invention, a collapsible expansion cone 

5 assembly is provided that includes an upper tubular support member comprising an 
internal flange, an upper cam assembly coupled to the upper tubular support member 
comprising: a tubular base coupled to the upper support member, and a plurality of 
cam ant)8 extending from the tubular base in a downward longitudinal direction, each 
cam am defining an inclined surface, a plurality of upper expansion cone segments 

10 interleaved with the cam amos of the upper cam assembly and pivotally coupled to the 
Internal flange of the upper tubular support memfcier, a lower tubular support member 
comprising an internal flange, one or more frangible couplings for releasably coupling 
the upper and lower tubular support members, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 

15 support member, and a plurality of cam anms extending from the tubular base In an 
upward lons^dinal direction, each cam am defining an inclined surfece that mates 
with the inclined surface of a corresponding one of the upper mansion cone 
segnf)ents, wherein the cams anns of the upper cam assembly are interieaved with and 
overiap the cam anus of the lower cam assembly, and a plurality of lower expansion 

20 cone segments Interieaved with cam amis of the lower cam assembly, each lower 
expansion cone segment pivotelly coupled to the internal flange of the lower tubular 
support memt>er and mating with the inclined surface of a corresponding one of the 
cam anms of the upper cam assembly, wherein the tower expansion cone segments 
interieave and overiap the upper expansion cone segnr^ents, and wherein the upper 

25 and lower expansion cone segments together define an arcuate spherical external 
surface for plastically defonning and radially expanding the expandable tubular 
member. 

According to another aspect of the present invention, an apparatus for radially 
30 expanding and plastically deforming an expandable tubular member is provided that 
includes a tubular support member, a collapsible expanston cone coupled to the tubular 
support HDember, an expandable tubular member coupled to the collapsible expansion 
cone, means for displacing the ooHapsible expansion cone relative to the expandable 
tubular member, and means for collapsing the expansion cone. 
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According to another aspect of the present invention, a collapsible expansion cone is 
provided that includes an upper cam assembly comprising: a tubular base, and a 
plurality of cam amis extending from the tubular base in a downward longitudinal 

5 direction, each cam arm defining an inclined surface, a plurality of upper expansion 
cone segments interleaved with the cam arms of the upper cam assembly, a lower cam 
assembly comprising: a tubular base, and a plurality of cam anms extending from the 
tubular base in an upward longitudinal direction, each cam amn defining an inclined 
surface that mates with the incTined surface of a corresponding one of the upper 

10 expansion cone segments, wherein the cams arms of the upper cam assembly are 
hterieaved with and overtap the cam arms of the tower cam assembly, a plurality of 
lower expansion corie segments interieaved with cam anms of the lower cam assembly, 
each lower expansion cone segment mating with the inclined surface of a 
conesponding one of the cam amis of the upper cam assembly, means for moving the 

15 upper cam assembly away from the lower expansion cone segments, and means for 
moving the lower cam assembly away from the upper expansion cone segments. 

Aoconllng to another aspect of the Invention, an apparatus for radially expanding and 
plastically defomrdng an expandable tubular member Is provided that Includes a tubular 
20 support nnember, a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone, means for 
displacing the collapsibie expansion cone relative to the expandable tubular member, 
and means for collapsing the expansion cone. 

25 According to another aspect of the invention, a collapsible expansion cone Is provided 
that includes an upper cam assembly comprising: a tubular base, and a plurality of cam 
arms extending from the tubular base In a downward longitudinal direction, each cam 
ami defining an inclined surface, a plurality of upper expansion cone segments 
interteaved with the cam arms of the upper cam assembly, a lower cam assembly 

30 comprising: a tubular base, and a plurality of cam anns extending from the tubular base 
in an upward longitudinal direction, each cam ami defining an inclined surface that 
mates with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams anms of the upper cam assembly are interteaved with and 
overtap the cam arms of the lower cam assembly, a plurality of lower expansion cone 
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segments interleaved with cam amis of the lovver cam assembly, each lower expansion 
cone segment mating with the inclined surface of a conesponding one of the cam arms 
of the upper cam assembly, means for moving the upper cam assembly away from the 
lower expansion cone segments, and means for moving the lower cam assembly away 
5 from the upper expansion cone segments. 

According to another aspect of the invention, a method of radially expanding and 
plasticaliy defomiing an expandable tubular member is provided that includes 
supporting the expandable tubular member using a tubular support member and a 
coilapsibie expansion cone, injecting a fluidic material into the tubular support member, 
sensing the operating pressure of the injected fluidic material within a first interior 
portion of the tubular support member, displacing the collapsible expansion cone 
relative to the expandable tubular member when the sensed operating pressure of the 
injected fluidic material exceeds a pnedetemnined level wijhin the first interior portion of 
the tubular support member, sensing the operating pressure of the Irijected fluidic 
material within a second interior portion of the tubular support member. arKl collapsing 
the collapsible expansion cone when the sensed operating pressure of the injected 
fluidic material exceeds a predetemftined level within the second interior portion of the 
tubular support member. 

20 

Brief Description of the Drawings 
Fig. la is a fragmentary cross-sectionai Illustration of the placement of a portion of an 
exemplary embodiment of an apparatus for radially expanding and plastically 
defbnning a tubular member that includes a collapsible expansion cone within a 
25 preexisting structure. 

Fig. 1b is a fragmentary cross^etional Illustration of another portion of the apparatus 
of Fig. la. 

30 Figs. 2a and 2b are fragmentary cross-eectional illustration of a portion of the 
apparatus of Figs. 1e and lb. 

Fig. 3 is a fragmentary cross-sectionai illustration of a portion of the apparatus of Rgs. 
la and lb. 



Fig. 3a is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 
3. 

5 Rg. 3b is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 
3. 

Fig. 4 is a fragmentary aoss-sectional illustration of a portion of ttie apparatus of Figs, 
la and 1b. 

10 

Fig. 4a is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 
4. 

Rg. 5 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs. 
15 la and lb. 

Rg. 6 Is a fragmentary cross-sectional Illustration of a portion of ttie apparatus of Figs, 
la and lb. 

20 Figs. 7a-7e are fragmentary cross-sectional and perspective illustrations cf the upper 
cam assembly of the apparatus of Figs. 1a and lb. 

Fig. 7f is a fragmentary cross-sectional illustration of the lower cam assembly of the 
apparatus of Figs, la and lb. 

25 

Figs. 8a-8d are fragmentary cross-sectional and perspective illustrations of one of the 
upper cone segnnents of the apparatus of Rgs. 1 a and 1 b. 

Fig. 8e is a fragmentary cross-sectional illustration of one of the lower cone segments 
30 of ttie apparatus of Figs, la and lb. 

Fig. 9 is a side view of a portion of ttie apparatus of Figs, la and lb. 
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Fig. lOa is a fragmentary cross sectional Illustration of a portion of the apparatus of 
Figs, la and lb during the radial expansion of the expandable tubular member. 

Rg. 10b is a fragmentary cross sectional Illustration of another portion of the apparatus 
5 of Fig. 10a. 

Rg. 11a. is a fragmentary cross secHonal Illustration of a portion of the apparatus of 
Rgs. 10a and 10b during the adfustment of the expansion cone to a cdiapsed position. 

10 Rg. lib is a fragmentary cross eecUonal illustration of another portion of the apparatus 
of Fig. 11a. 

Rg. 12 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs. 
11a and lib. 

15 

Fig. 13 is a fragmentary cross secttonai illustration of a portion of the apparatus of Rgs. 
11a and 11b. 

FIG. 14 is a fragmentaiy cross sectional illustration of a portion of the apparatus of 
20 Figs. 1 la and 1 1 b with the expansion cone in a half collapsed position. 

FIG. 15 is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs. 11a and lib with the expansion cone in a fully collapsed position. 

25 Fig. 16 is a side view of a portion of the apparatus of Rgs. 10a and 10b. 

Rg. 17a is a fragmentary cross sectional illustration of a portion of ttie apparatus of 
Figs. 11a and lib after the removal of Vhe apparatus from interior of the expandable 
tubular member. 

30 

Fig. 17b is a fragmentary cross sectional illustration of another portion of the apparatus 
of Fig. 17a. 
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Detailed Description of the Illustrative EmtxxJiments 
Referring to Figs, la, 1b. 2a, 2b. 3, 3a, 4, 4a. 5. 6, 7a. 7b. 7c, 7d. 7e. 7f, 8a. 8b, 8c. 8d. 
8e, and 9, an exemplary embodiment of an apparatus 10 for radially expanding and 
5 plastically deforming a tubular member includes a tubular support member 12 that 
defines a passage 12a. An end of the tubular support member 12 is coupled to an end 
of a safety collar 14 that defines a passage 14a. a recess 14b at one end for receiving 
the end of the tubular support member, and recesses 14c and 14d at another end. 

10 A torque plate 16 is received within and is coupled to the recess 14c of the safety collar 
14 that defines a passage 16a and a piuraiity of meshing teeth 16b at one end. An end 
of an upper n^ndrel collar 18 is received with and is coupled to the recess 14d of the 
safety collar 14 proximate and end of the torque plate 16 that defines a passage 18a. 
Torque pins 20a and 20b further couple the end of the upper mandrel collar 18 to the 

15 end of the safety collar 14. 

An end of an upper mandrel 22 is received within and Is coupled to the upper mandrel 
collar 18 that defines a passage 22a. a plurality of meshing teeth 22b that mate with 
and transmit torque to and from the meshing teeth 16b of the torque plate 16, and an 
20 external flange 22c at another end. 

An upper packer cup 24 mates with, receives and Is coupled to the upper mandrel 22 
proximate the end of the upper mandrel collar 18. In an exemplary embodiment, the 
upper packer cup 24 is a Gulberson*^ packer cup. An upper spacer sleeve 26 mates 

25 with, receives, and is coupled to the upper mandrel 22 proximate an end of the upper 
packer cup 24. A lower packer cup 28 mates with, receives and is coupled to the 
upper mandrel 22 proximate an end of the upper spacer sleeve 26. In an exemplary 
embodiment, the lower packer cup 28 is a Guiberson^ packer cup. A tower spacer 
sleeve 30 mates with, receives, and is coupled to the upper nriandrel 22 proximate an 

30 end of the k>wer packer cup 28 and the external flange 22c of the upper mandrel. A 
retaining sleeve 32 mates with, receives, and is coupled to an end of the tower spacer 
sleeve proximate the external flange 22c of the upper mandrel 22. 
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An end of a k>wer niandrel 34 defines a recess 34a that niates with, receives, and is 
coupled to the external flange 22c of the upper mandrel 22, a recess 34b that mates 
with, receives, and is coupled to the end of the upper mandrel, a passage 34c, and an 
external flange 34d including drcumferentialiy spaced apart meshing teeth 34da on an 
5 end feoe of the «(temai flange. Torque pins 36a and 36b further couple the recess 
34a of the end of the lower mandrel 34 to the external flange 22c of the upper mandrel 
22. During operation, the torque pins 36a and 36b transmit torque loads between the 
recess 34a of the end of the lower mandrel 34 and the external flange 22c of the upper 
mandrel 22. 

10 

An upper cam assembly 38 includes a tubular base 3Ba for receiving and mating with 
the lower mandrel 34 that includes an external flange 38aa, a plurality of 
a'rcumliBrentially spaced apart meshing teeth 36b that extend from one end of the 
tubular base in the longitudinal and radial directions for engaging the meshing teeth 

1 5 34da of the end laoe of the odemai flange 34d of the lower mandrel, and a pluraGty of 
drcumferentialiy spaced apart cam amis 38c that extend from the other end of the 
tubular base in the opposite longitudinal direetton and mate with and receive the lower 
mandrel. During operation, the meshing teeth 34da of the end fiace of the external 
flange 34d of the lower mandrel 34 transmit torque loads to the meshing teeth 38b of 

20 the upper cam assembly 38. Each of the cam am» 38c include an inner portion 38ca 
extending fttxn the tubular base 38a that has arcuate cylindrical Inner and outer 
surfaces, 38caa and 38cab, a tepered intermediate portion 38cb extending from the 
inner portion that has an arcuate c^indrical inner surface 38cba and an arcuate conical 
outer surface 38cbb. and an outer portion 38cc extending from the Intermediate portion 

25 that has arcuate cyiincMcal inner and outer surfaces. 38cca and 38ccb. In an 
exemplary embodiment, the radius of curvatures of the arcuate outer cylindrical 
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical 
surfaces 38ccb. In an exemplary embodiment, the radius of curvatores of the arcuate 
Inner q^indrical surfaces. 38caa. 38cba. and 38cca are equal. 

30 

A lower cam assembly 40 includes a tubular base 40a for receiving and mating with the 
lower mandrel 34 that includes an external flange 40aa. a plurafity of drcumferentialiy 
spaced apart meshing teeth 40b that extend flrom one end of the tobular base in the 
longitudinal and radial directions, and a plurality of drcumferentialiy spaced apart cam 
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arms 40c that extend from the other end of the tubular base in the opposite bngitudinal 
direction and mate with and receive the lower mandrel. Each of the cam arms 40c 
Include an inner portion 40ca extending from the tubular base 40a that has arcuate 
cylindrical Inner and outer surfaces, 40caa and 40cab, a tapered intemiediate portion 

5 40cb extending from the Inner portion 40ca that has an arcuate cylindrical inner surface 
40cba and an arcuate conical outer surface 40cbb, and an outer portion 40cc 
extending from the intemiediate portion that has arcuate cylindrical inner and outer 
surfaces, 40cca and 40ccb. In an exemplary embodiment, the radius of curvatures of 
the arcuate outer cylindrical surfaces 40cab are greater than the radius of curvatures 

10 the arcuate outer cylindrical surfaces 40ccb. In an exemplary embodiment, the radius 
of cun«tures of the arcuate inner cylindrical surfaces. 40caa, 40cba, and 40cca are 
equal. In an exemplary embodiment, the upper and lower cam assemblies, 38 and 40, 
are substantialiy Identical. In an exemplary embodiment, the cam arms 38c of the 
upper cam assembly 38 interleave the cam arms 40c of the lower cam assembly 40. 

15 Furthenmore. In an exemplary embodiment, ttie cam anns 38c of the upper cam 
assembly also overlap wHh the cam arms 40c of the lower cam assembly 40 In the 
longitudinal (firecHon thereby permitting toniue loads to be transmitted between the 
upper and lower cam assemblies. 

20 An end of an upper retaining sleeve 42 reo^ves and is thieadably coupled to the 
external flange 34d of the lower mandrel 34 that d^nes a passe^e 42a for receiving 
and mating with the outer drcumferenlial surfaces of the external flange 38aa and the 
meshing teeth 38b of the upper cam assembly 38, and an inner annular recess 42b, 
and includes an internal flange 42c for retaining the external flange 38aa of the upper 

25 cam assembly, and an Intenud flange 42d at one end of the upper retsdning sleeve that 
bidudes a rounded Interior end face. An o-ring seal 44 is received within the annular 
recess 42b for sealing the interface between the upper retaining sleeve 42 and the 
external flange 34d of the lower mandrel 34. A disc shaped shim 43 is positioned 
within the upper retaining sleeve 42 between the opposing end feces of the internal 

30 flange 42c of the retaining sleeve and the meshing te^ 38b of the upper cam 
assembly 38. 



A plurality of upper expansion cone segments 44 are interieaved among the cam arms 
38c of the upper cam assembly 38. Each of the upper expansion cone segments 44 
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include inner portions 44a having arcxiate cylindrical inner surfaces, 44aaa and 44aab, 
and an arcuate cylindrical outer surface 44ab, intermediate portions 44b extending 
from the Interior portions that have an arcuate conical inner surface 44ba and arcuate 
cylindrical and spherical outer surfaces, 44bba and 44bbbp and outer portions 44c 
5 having arcuate cylindrical inner and outer surfaces. 44ca and 44cb. In an exemplary 
embodiment, the outer surfaces 44ab of the inner portions 44a of the upper expansion 
cone segments define hinge grooves 44aba that receive and are pivotally mounted 
upon the internal flange 42d of the upper retaining sleeve 42. 

10 The arcuate inner cylindrical surftK^s 44aaa mate with and receive the lovver mandrel 
34. the arcuate Inner cylindrical surfaces 44aab mate with and receive the arcuate 
cylindrical outer surfeices 40ccb of the outer portions 40cc of the corresporKling cam 
arms 40c of the lower cam assembly 40, and the arcuate inner conical surfaces 44ba 
mate with and receive the arcuate conical outer surfaces 40d>b of the intermediate 

1 5 portions 40cb of the corresponding cam amts of the lower cam assemtrfy. 

In an exemplary embodiment^ the radius of cur^ture of the arcuate cylindrical inner 
surfece 44aaa is less than the radius of curvature of the arcuate cylindricdl inner 
surface 44aab. In an exemplary embodiment the radius of curvature of the arcuate 

20 cylindrical Inner surface 44ca Is greater than the radius of curvature of the arcuate 
cyiindrical surface 44dab. in an exemplary embodiment, the arcuate cylindrical inner 
surfaces. 44aaa and 44aab. are parallel, in an exemplary embodiment, the arcuate 
cylindrical outer surface 44ab is Inclined relative to the arcuate cyiindrical inner surface 
44aaa. In an exemplary embodiment, the arcuate cylindrical outer surface 44bba is 

25 parallel to the arcuate cylindrical inner surfaces. 44aaa and 44adb. In an exemplary 
embodiment the arcuate cylindrical outer surface 44cb is inclined relative to the 
arcuate cyiindrical inner surface 44ca. 

A plurality of lower expansion cone segments 46 are interieaved among, and overiap, 
30 the upper expansion cone segments 44 and the cam anms 38c of the lower cam 
assembly 38. In this manner, torque loads may be transmitted between the upper and 
lower expansion cone segments. 44 and 46. Each of the lower expansion cone 
segments 46 include inner portions 46a having arcuate cylindrical inner surfaces, 
46aaa and 46aab. and an arcuate cylindrical outer surface 46ab. intemiediate portions 
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46b extending from the Interior portions that have an arcuate conical inner surtece 
46ba and arcuate cylindrical and spherical outer surfaces. 46bba and 46bbb, and outer 
porHons 46c having arcuate <^lndrical inner and outer surfaces, 46ca and 46Gb. In an 
exemplary embodiment, Ihe outer surfaces 46ab of the inner portions 46a of the upper 
5 expansion cone segments 46 define hinge grooves 46aba. 

The arcuate inner cylindrical surfeces 46aaa mate with and receive the lower mandrel 
34» the arcuate inner cylindrical surfaces 46aab mate with and receive the arcuate 
cylindrical outer surfeces 38ccb of the outer portions 36cc (tf the corresponding cam 
10 arms 38c of the upper cam assembly 38, and the arcuate inner conical surfaces 46ba 
mate with and receive the arcuate conical outer surfaces 38cbb of the intenmediate 
portions 38cb of the conesponding cam arms of the lower cam assembly. 

In an exemplary embodiment, the radius of curvature of the arcuate cylindrical inner 
15 surfece 46aaa is less than the radius of curvature of the arcuate cylindrical inner 
surface 46aab. In an exemplary embodiment, the radius of cun/ature of the arcuate 
cylindrical inner surface 46ca is greater than the radius of curvature of the arcuate 
cylindrical surfece 46aab. In an exemplary embodiment, the arcuate cylindrical Inner 
surfaces, 46aaa and 46aab, are parallel. In an exemplary embodiment, the arcuate 
20 cylindrical outer surface 46ab is inclined relattve to the arcuate cylindrical inner surface 
46aaa. In an exemplary embodiment, the arcuate cylindrical outer surface 46bba is 
parallel to the arcuate cylindrical inner surfaces, 46aaa and 46aab. In an exemplary 
embodiment, the arcuate cylindrical outer surtece 46cb is inclined relattve to the 
arcuate cylindrical inner surface 46ca. 

25 

In an exemplary embodiment the geometries of the upper and lower expansion cone 
segmente 44 and 46 are siid)stentially identical. In an exemplary embodiment, the 
upper expansion cone segmente 44 are tepered in the longitudinal direction from the 
ends of the intermediate porOons 44b to the ends of the outer portions 44c, and the 
30 lower expansion cone segments 46 are tepered in the tongitudinal direction from the 
ends of the intemnediate portions 46b to the ends of the outer portions 46c. In an 
exemplary embodiment, when the upper and bwer expansion segmente, 44 and 46, 
are positioned in a fully expanded position, the arcuate cylirKlrical outer surfaces, 
44bba and 46cb, of the upper and lower expansion cone segmente define a contiguous 
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cyTindrlcal surface, the arcuate spherical outer surfaces, 44bbb and 46bbb, of the upper 
and lower expansion cone segments define an contiguous arcuate spherical surface, 
and the arcuate cylindrical outer surfaces. 44cb and 46bba, of the upper and lower 
expansion cone segments define a contiguous cyiindrical surface. 

An end of a lower retaining sleeve 48 defines a passage 48a for receiving and mating 
with the outer drcumferential surfaces of the external flange 40aa and the meshing 
teeth 40b of the lower cam assembly 40. and an inner annular recess 48b, and 
includes an internal flange 48c for retaining the extemal flange of the lower cam 
assembly, and an intemal flange 48d at one end of the lower retaining sleeve that 
includes a rounded interior end fcioe for mating with the hinge grooves 46 aba of the 
lower expansion cone segments 46 thereby pivotaily coupling the lower expansion 
cone segments to the lower retaining sleeve. An o-ring seal 50 is received within the 
annular recess 48b. A disc shaped shim 49 is positioned within the lower retainirig 
sleeve 48 between the opposing end faces of the internal flange 48c of the retaining 
sleeve and the extemal flange 40aa of the lower cam assembly 40. 

In an exemplary embodiment, the arcuate cylindrical outer surfaces 44bba of the upper 
expansion cone segments 44 and the arcuate cylindricai outer surfaces 46cb of the 
lower expansion cone segments 46 are aligned with the outer surface of the upper 
retaining sleeve 42L In an exemplary embodiment the arcuate cylindrical outer 
surfaces 44cb of the upper expansion cone segments 44 and the arcuate cylindrical 
outer surfaces 46 bba of the lower expansion cone segments are aligned the outer 
surface of the lower retaining sleeve 48. 

An end of a float shoe adaptor 50 that includes a plurality of circumferentlally spaced 
apart meshing teeth 50a for engaging the meshing teeth 40b of the lower cam 
assembly 40 is received within and threadably coupled to an end of the lower retaining 
sleeve 48 that defbies a passage 50b at one end for receiving an end of the lower 
mandrel 34. a passage 50c having a reduced inside diameter at another end, a plurality 
of radial passages 50d at the other end, and includes an intemal flange 50e, and a 
torsional coupHng 50f at the other end that Indudes a piurafrty of torsional coupling 
members 50fa. During operation, the meshing teeth 40b of the lower cam assembly 40 
transmit toque loads to and from the meshing teeth 50a of the float shoe adaptor. 
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An end of a retaining sleeve 52 abuts the end fooe of the tubidar base 40a of the lower 
cam assembly 40 and Is received witNn and mates VMth the passage 50b of the float 
shoe adaptor 50 that defines a passage 52a tor receiving an end of ttie lower mandrel 
5 34. a throat passage 52b Including a ball valve seat 52c, and Includes a flange 52d. 
and another end of the retaining sleeve, having a reduced outside diameter, is received 
within and mates with the passage 50c of the float shoe adaptor 50. 

A stop nut 54 receives and is threadably coupled to the end of the lower mandrel 34 
10 within the passage 52a of the retaining sleeve 52, and shear pins 56 releasabiy couple 
the stop nut 54 to the retaining sleeve 52. Locking dogs 58 are positioned within an 
end of the retaining sleeve 52 that receive and are releasabiy coupled to the lower 
mandrel 34, and a disc shaped adjustment shim 60 receives the lower mandrel 34 and 
is positioned within an end of the retaining sleeve 52 between the opposing ends of the 
15 tubular base 40a of the upper cam assembly 40 and the loddng dogs 58. Burst discs 
62 are releasabiy coupled to and positioned within the radial passages 50d of the float 
shoe adaptor 50. 

An end of a float shoe 64 mates with and is releasabiy coupled to the torsional coupling 
20 members SOfa of the torsional coupling 50r of the float shoe adaptor 50 that defines a 
passage 64a and a valveabie passage 64b. In ttiis manner torelonal loads may be 
transmitted between the float shoe adaptor 50 and the float shoe 64. An end of an 
expandable tubular member 66 that surrounds the tubular support member 12, the 
safely collar 14, the upper mandrel collar 18. the upper packer cup 24. the lower 
25 packer cup 28, the lower mandrel 34. the upper expansion cone segments 44, the 
lower expansion cone segments 46, and the float shoe adaptor 50, Is coupled to and 
recdves an end of the float shoe 64 and is movably coupled to and supported by the 
arcuate spherical external surfaces. 44bbb and 46bbb. of the upper and lower 
expansion cone segments, 44 and 46. 

30 

During operation, as illustrated in Rgs. 1a and lb. the apparatus 10 is at least partially 
positioned within a preexisting structure such as. for example, a borehole 100 that 
traverses a subterranean fomiation that may include a preexisting wellbore casing 102. 
The borehole 100 may be oriented In any position, for example, from vertical to 
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horizontal. A fluidic matorteri 104 is then injected into the apparatus 10 through the 
passages 12a, 14a, 22a, 34c, 50c. 64a, and 64b Into the annulus between the 
expandable tubular member 66 and the borehole 100. In an exemplary embodiment, 
the fluidic material 104 Is a hardenable fluidic sealing material. In this manner, an 
5 annular sealing layer may be formed wItMn the annulus between the expandable 
tubular member 66 and the borehole 100. 

As Illustrated in Figs. 10a and 10b. a ball 106 Is then be positioned wHhIn and blocking 
the valveable passage 64b of the float shoe 64 by injecting a fluidic material 108 into 

10 the apparatus 10 through the passages 12a, 14a. 22a. 34c and 50& As a resuH, the 
increased operating pressure within the passage 50c bursts open the burst discs 62 
positioned within the radial passages SOd of the float shoe adaptor 50. The continued 
injection of the fluidic material 106 thereby pressurizes the Interior of the expandable 
tubular member 66 below the lower packer cup 28 thereby displacing the upper and 

15 lower expansion cone segments. 44 and 46. upwardly relative to the float shoe 64 and 
the expandable tubular member 66. As a result, the expandable tubular member 66 is 
plastically deformed and radially expanded. Thus, the burst discs 62 sense the 
operating pressure of the injected fluidic material 108 within the passage 50c and 
thereby control the initiation of the radial expanskm and plastic deformation of the 

20 expandable tubular member 66. 

In an exemplary embodiment, any leakage of the pressurized fluidic material 108 past 
the tower packer cup 28 is captured and sealed against further leakage by the upper 
packer cup 24. In this manner, the tower packer cup 28 provides the primary fluidic 

25 seal against the Interior surface of the expandable tubular member 68. and the upper 
packer cup 24 pn3\^des a secondary, back-up, fluidic seal against the Interior surfece of 
the expandable tubular member. Furthemiore, because the lower packer cup 28 
and/or the upper packer cup 24 provWe a fluid tight seal against the interior surface of 
the expandable tubular member 66, the upper and tower expansion cone segments, 44 

30 and 46, are pulled upwardly through the expandable tubular member by the axial 
forces created by the packer cups. 

in an exemplary embodiment, during the radial expanston process, the Interfooe 
between the arcuate spherical external surfaces. 44bbb and 46bbb. of the upper and 
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lower expansion cone segments. 44 and 46, and the interior surface of the expandable 
tubular member 66 is not fluid tight As a result, the fluldic material 108 may provide 
lubrication to the entire extent of the internee between the ^indrical external surfaces. 
44bba and 46cb. and the arcuate spherical external surfaces, 44bbb and 46bbb. of the 
upper and lower expansion cone segments. 44 and 46, and the Interior surface of the 
expandable tubular member 66. Moreover, experimental test results have Indicated 
the unexpected result that the required operating pressure of the fluidic material 106 for 
radial expansion of the expandable tubular member 66 is less when the Interface 
between the cylindrical extemal surfaces, 44bba and 46cb, and the arcuate spherical 
extemal surfaces, 44bbb and 46bbb. of the upper and lower expansion cone segments, 
44 and 46. and the interior surface of the expandable tubular member 66 is not fluid 
tight Furthermore, experimental test results have also dennmstrated that the arcuate 
spherical extemal surfece provided by the arcuate spherical extemal surfaces, 44bbb 
and 46bbb, of the upper and lower expansion cone segments, 44 and 46. provides 
radial expansion and plastic deformation cf tfie expandable tubular member 66 using 
lower operating pressures versus an expansion cone having a conical outer surface. 

In an exemplary embodiment, as illustrated in Figs. 11a. lib, 12, 13. 14, 15, and 16. 
the upper and lower e)q9ansion cone segments, 44 and 46, may then be adjusted 1o a 
collapsed position by placing a bail 110 within the ball valve seat 52c of the throat 
passage 52b of the retaining sleeve 52. The continued injection of the fluidic material 
10B. after the placement of the bail 110 within the baD valve seat S2c creates a 
differential pressure across the ball 110 thereby applying a downward longitudinal force 
onto the retaining sleeve 52 thereby shearing the shear pins 56. As a result, the 
retaining sleeve 52 is displaced in the downward longitudinal direction relative to the 
float shoe adaptor 50 thereby pennlttlng the locking dogs 58 to be displaced outwardly 
in the radial direction. The outward radial displacement of the locking dogs 58 
disengages the locking dogs from engagement with the tafwer mandrel 34. Thus, the 
shear pins 56 sense flie operating pressure of the injected fluMk; material 108 within 
the throat passage 52b and thereby controlling the initiation of ttie collapsing of the 
upper and kywer expansion cone segments. 44 and 46. 

The continued injection of the fluidic material 108 continues to displace ttie retaining 
sleeve 52 in the downward longitudinal direction relative to the float shoe adaptor 50 
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until the external flange 52d of the retaining sleeve 52 Impacts, and applies a 
downward longitudinal force to, the Intenwl flange 50e of the float shoe adaptor. As a 
result, the float shoe adaptor 50 Is then also displaced In the downward longitudinal 
direction relative to the lower mandrel 34. The downward longitudinal displacement of 
5 the float shoe adaptor 50 relative to the lower mandrel 34 causes the tower cam 
assembly 40, the lower expansion cone segments 46. and the lower retaining sleeve 
48, which are rigidly attached to the float shoe adaptor, to also be displaced 
downwardly in the longitudinal direction relative to the lower mandrel 34. the upper cam 
assetvbfy 38. and the upper expansion cone segments 44. 

10 

The downward longitudinal displacement of the lower cam as8eml)ly 40 relative to the 
upper expansion cone segments 44 causes the upper expansion cone segments to 
slide off of the conical external surfaces 40cbb of the lower cam assembly and thereby 
pivot inwardly In the radial direction about the internal flar^e 42d of the upper retoining 

15 sleeve 42, The downward longitudinal displacement of the lower expansion cone 
segments 46 relative to the upper cam assembly 38 causes the lower expansion cone 
• segments 46 to slide off of the external conical surfaces 38cbb of the upper cam 
assembly and thereby pivot Inwardly in the radial direction about the Internal flange 48d 
of the lower retaining sleeve. As a result of the Inward radial movement of the upper 

20 and lower expansion cone segments. 44 and 46. the arcuate external spherical 
surfaces, 44bbb and 46bbb. of the upper and lower expansion cone segments, 44 and 
46, no longer provide a substantially contiguous outer arcuate spherical surface. 

The downward longitudinal movement of the retoining sleeve 42 and float shoe adaptor 
25 50 relative to the lower mandrel 34 is stopped when the stop nut 54 impacts the locking 
dogs 58. At this point, as illustrated In Figs. 17a and 17b, the apparatos 10 may then 
be removed from the intertor of the expandable tobular member 66. 

Thus, the apparatos 10 may be removed from the expandable tobular member 66 prior 
30 to the complete radial expansion and plastic defbmruition of the expandable tubular 
member by conbxillably collapsing the upper and lower expansion cone segmente, 44 
and 46. As a result, the apparatos 10 provides the following benefite: (1) the apparatos 
is removable when expansion problems are encountered; (2) lower expansion forces 
are required because the porlfon of the expandable tobular member 66 between the 
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packer cups. 24 and 28, and the expansbn oone segments is exposed to the 
expansion fluid pressure; and (3) the expansion cone segments can be am down 
Ihrough the expandable tubular member, prior to radial expansion, and then the 
expansion cone segments can be expanded. 

In several alternative embodiments, resilient members such as, for example, spring 
elements are coupled to the upper and lower expansion cone segments, 44 and 46. for 
resiliently biasing the expansion oone segments towards the expanded or collapsed 
position. 

In several alternative embodiments, the placement of the upper and lower expansion 
cone segments, 44 and 46, in an expanded or collapsed position is reversible as 
disclosed in PCT patent application serial no. PCT / / attorney docket no. 

25791.88.02, filed on , the disclosure of which is incorporated herein by 

reference. 

In several altematlve embodiments, a small gap is provWed between the upper and 
tower expanston cone segments, 44 and 46, when positioned in the expanded 
conditton that varies from about .005 to .030 inches. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that Includes an upper tubular support member defining a 
first passage, one or more cup seals coupled to the exterior suriace of the upper 
tubular support member for sealing an interface between the upper tubular support 
member and the expandable tubular member, an upper cam assembly coupled to the 
upper tubular support member comprising: a tubular base coupled to the upper tubular 
support merrtber. and a plurality of cam amns extending from the tubular base in a 
downward longitudinal direction, each cam ami defining an incTined surface, a plurality 
of upper expansion cone segments Interteaved with the cam anrns of the upper cam 
assembly and pivotally coupled to the tubular support member, a lower tubular support 
member defining a second passage fluididy coupled to the first passage releasably 
coupled to the upper tubular support nnember, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 
support member, and a plurality of cam arms extending from the tubular base In an 
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upward longttudinal direction, each cam arm defining an Inclined surface that mates 
with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assemt)ly. and a plurality of lower expansion 
5 cone segments Interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the lower tubular support member and 
mating with the inclined surface of a corresponding one of the cam amis of the upper 
cam assembly, wherein the lower expansion cone segments Interleave and overlap the 
upper expansion cone segments, and wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface lor plastically 
defomfiing and radially expanding the expandable tubular member, in an exemplary 
embodiment, the upper tubular support member includes: a safety collar, a torque plate 
coupled to the safety collar including a plurality of drcumferBntlally spaced apart 
meshing teeth at an end. an upper mandrel Including a plurality of drcumferentially 
15 spaced apart meshing teeth at one end for engagir^ the meshing teeth of the torque 
plate and an external flange at another end. and a lower mandrel coupled to the 
external flange of the upper mandrel including an external flange Including a plurality of 
drcumferentiaily spaced apart meshing teeth. In an exemplary embodiment, the 
tubular base of the upper cam assembly includes a plurality of drcumferentlaiiy spaced 
20 apart meshing teeth for engaging the mesNng teeth of the external flange of the lower 
mandrel. In an exemplary embodiment, the apparatus further includes a stop nut 
coupled to an end of the lower mandrel for limiting the movement of the lower tubular 
member relative to the lower mandrel, in an exemplary embodiment, the apparatus 
further includes locking dogs coupled to the lower mandrel. In an exemplary 
25 embodiment, the lower tubular support member Includes: a float shoe adapter including 
a plurality of drcumferentially spaced apart meshing teeth at one end, an Internal 
flange, and a torsional coupling at another end, a lower reteining sleeve coupled to an 
end of the float shoe adapter Induding an internal flange for pivoteliy engaging the 
lower expansion cone segments, and a retaining sleeve received viithin the float shoe 
adapter releasabiy coupled to the upper tubular support member, in an exemplary 
embodiment, an end of the reteining steeve abute an end of the tubular base of the 
lower cam assembly. In an exemplary embodiment, the tubular base of the lower cam 
assembly indudes a plurality of drcumferentially spaced apart meshing teeth for 
engaging the meshing teeth of the float shoe adaptor. In an exemptery embodiment. 
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the apparatus further includes a float shoe releasably coupled to the torsional coupling 
of the float shoe adaptor. arwJ an expandable tubular member coupled to the float shoe 
and supported by and nwvably coupled to the upper and lower expansion cone 
segments. In an exemplary embodiment, the apparatus further includes: one or more 

6 shear pins coupled between the upper tubular support member and the lower tubular 
support member. In an exemplary embodiment, the apparatus further Includes: a stop 
member coupled to the upper tubular support member for limiting movement of the 
upper tubular support member relative to the lower tubular support member. In an 
exemplary embodiment, the apparatus further Includes: a float shoe releasably coupled 

10 to the lower tubular support member that defines a valveable passage, and an 
expandable tubular member coupled to the float shoe and supported by and movably 
coupled to the upper and lower expansion cone segments. In an exemplary 
embodiment, each upper expansion cone segment includes: an Inner portion defining 
an arcuate cylindricai upper surface including a hinge groove for plvotally coupling the 

15 i4)per expansion cone segment to the upper tubular support member and arcuate 
cylindrical lower surfaces, an htemnediate portion defining arcuate cylindrical and 
spherical upper surfaces and an arcuate conical lower surface, and an outer portion 
defining arcuata cyflndrical upper and lower surfaces, and wherein each lower 
expansion cone segment includes: an inner portion defining an arcuate cylindrical 

20 upper surface including a hinge groove for pivotally coupling the lower expansion cone 
segment to the lower tubular support member and arcuate cylindrical lower surfaces, 
an intermediate portion defining arcuate cylindrical and spherical upper surfaces and 
an arcuate conical lower surface, and an outer portion defiiting arcuate cylindrical 
upper and lower surfaces. In an eiempiary embodiment, each upper expansion cone 

25 segment Is tapered in the longitudinal direction fiom the Intennediate portion to the 
outer portion; and wherein each lower expansion cone segment Is tapered In the 
longitudinal direction firom the Intennediate portion to the outer portion. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
30 member has also been described that includes a safety collar, a torque plate coupled 
to the safety collar including a plurality of drcumferentially spaced apart meshing teeth 
at an end, an upper mandrel including a plurality of drcumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end, a lower mandrel coupled to the external flange of the 
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upper mandrel including an external flange including a plurality of drcumferentially 
spaced apart meshing teeth, a stop nut coupled to an end of the lower mandrel, an 
upper retaining sleeve coupled to the lower mandrel including an Internal flange, one or 
more cup seals coupled to the upper mandrel fbr sealing an interface tielween the 
upper mandrel and the expandable tubular member, an upper cam assembly coupled 
to the lower mandrel Inciuding: a tubular base Including a plurality of circumferentially 
spaced apart meshing (eeth fbr engaging the meshing teeth of the external flange of 
the lower mandrel, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an incHned surface, a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal fiange of the upper retaining sleeve, a 
float shoe adapter including a plurality of drcumferentialty spaced apart meshing teeth 
at one end. an internal flange, and a torsional coupling at another end. a lower 
retaining steeve coupled to an end of the float shoe adapter Including an internal 
fiange. a retelning sleeve received within the float shoe adapter,' one or more shear 
pins for releasably coupling the retaining sleeve to the stop nut. a lower cam assembly 
coupled to the float shoe adapter Including: a tubular base including a plurality of 
drcumferentialiy spaced apart meshing teeth fbr engaging the meshing teeth of the 
float shoe adapter, and a plurality of cam amis extending from the tubular base in an 
20 upward longitudinal direction, each cam arm defining an inclined surface that mates 
with the Inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams amis of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, a plurality of lower expansion oone 
segments interleaved with cam arms of the lower cam assembly, each lower expansion 
cone segment pivotally coupled to the internal flange of the lower retaining sleeve and 
mating with the Incflned surface of a corresponding one of the cam arms of the upper 
cam assembly, a float shoe reteasably coupled to the torsional coupling of the float 
shoe adaptor, and an expandable tubular member coupled to the float shoe and 
supported by and movably coupled to the upper and lower expansion cone segmente, 
wherein the lower expansion oone segmente interleave and overlap the upper 
expansion cone segmente. wherein the upper and lower expansion cone segmente 
together define an arcuate spherical external surface for plastically defonning and 
radialy expanding the expandabte tubuter member, wherein each upper expansion 
cone segntent includes: an Inner portion defining an arcuate cylindrical upper surface 

23 



25 



30 



including a hinge groove for pivotaliy coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces^ an 
intennediate portion defining arcuate cylindrical and spherical upper surfeces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, wherein each lower expansion cone segment includes: an inner 
portion defining an arcuate cyfindrical upper surface Including a hinge groove for 
(dvotaiiy coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an Intemiediate portion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface, 
and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment Is tapered in the longitudinal direction from the 
Intennediate portion to the outer portkm, and wherein each lower expansion cone 
segment is tapered In the longitudinat direction from the intermediate portion to the 
outer portion. 

A collapsible expansion cone assembly has also been described that Includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm deflning an Inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam arms of the upper cam 
assembly and pivotaliy coupled to the internal flange of the upper tubular support 
member, a lower tubular support member including an internal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the bwer tubular support member 
Including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam amis extending from the tubular base In an upward longitudinal direction, each 
cam ami defining an inclined surfece that mates with the inclined surface of a 
conresponding one of the upper expansion cone segments, wherein the cams amis of 
the upper cam assembly are interieaved with and overiap the cam arms of the lower 
cam assembly, and a plurality of lower expansion cone segments Interieaved with cam 
arms of the lower cam assembly, each lower expansbn cone segment pivotaliy 
coupled to the intemal flange of the lower tubular support member and mating with the 
inclined surface of a corresponding one of the cam amis of the upper cam assembly, 
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wherein the lower expansion cone segments interieave and overlap the upper 
expansion oone segments, and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically defomiing and 
radially expanding the expandable tubular member. In an exemplary embodiment, 

5 each upper expansion cone segment includes: an inner portion defining an arcuate 
cylindrical upper surface Including a hinge groove for pivotally coupling the upper 
expansion cone segment to the upper tubular support member and arcuate cylindrical 
lower surfaces, an Intennediata portion defining arcuate c^ndrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 

10 cyfindrical upper and lower surfaces, and wherein each lower expansion cone segment 
Includes: an Inner portion defining an arcuate cylindricat upper surfece Including a 
hinge groove for pivotally coupling the lower expansion cone segment to the lower 
tubular support member and arcuate cyflndrical lower suriaces, an Intermediate portion 
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical lower 

15 surface, and an outer portion defining arcuate cylindrical upper and lower surfaces, in 
an exemplary embodiment, each upper expansion oone segment is tapered In the 
longitudinal direction from the intennediate portion to the outer portion, and wherein 
each lower expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion. 

20 

A collapsible expansion cone assemnbly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam arms extending from the tubular base in a 

25 downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam amis of the upper cam 
assembly and pivotally coupled to the internal flange of the upper tubular support 
member, a lower tubular support member including an internal flange, one or more 
frangible couplings for reieasably coupling the upper and lower tubular support 

30 members, a lower cam assembly coupled to the lower tubular support member 
Including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam anns extending from the tubular base in an upward longitudinal direction, each 
cam ann defining an Incflned surface that mates wHh the inclined surfoce of a 
corresponding one of the upper expansion cone segments, wherein the cams anms of 
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the upper cam assembly are interleaved with and overiap the cam arms of the lower 
cam assemt>ly, and a plurality of lower expansion cone segments interleaved with cam 
amis of the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the Internal flange of the lower tubular support member and mating with the 

5 Inclined surface of a conrespondlng one of the cam anns of the upper cam assembly, 
wherein the lower expansion cone segnients interleave and overlap the upper 
expansion cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface tor plastically deforming and 
radially expanding the expandable tubular member, wherein each upper expansion 

10 cone segment Includes: an inner portion defining an arcuate cyfindrical upper surface 
including a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cyfindrical lower surfaces, an 
inlennediale portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 

15 and lower surfaces, wherein each lower expansion cone segment Includes: an inner 
portion defining an arcuate cyOndrfeal upper surface including a hinge groove for 
pivotally coupling the lower expansion oone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an intermediate portton defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface. 

20 and an outer portion defining arcuate (^indrical upper and lower surfeces, wherein 
each upper expansion oone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal direction from the intennediate portion to the 
outer porfion. 

25 

An apparatus tor radially expanding and piasticaily defonning an expandable tubular 
member has also been described that includes a tubular support member, a collapsible 
expansion cone coupled to the tubular support member, an expandable tubular 
member coupled to the coOapsible expansion cone, means for displacing the 
30 collapsible expansion cone relative to the expandable tubular member, and means for 
collapsing the expansion cone. In an exemplary embodiment, the tubular support 
member includes an upper tubular support member Including an Internal flange and a 
lower tubular support member including an Internal flange, wherein the expansion cone 
includes: an upper cam assembly coupled to the upper tubular support member 
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Including: a tubular base coupled to the upper support member, and a plurality of cam 
arms extending from the tubular base In a downwanJ longitudinal direction, each cam 
arm deflning an inclined swface, a plurality of upper expansion cone segments 
interleaved with the cam arms of the upper cam assembly and pivotally coupled to the 

5 internal flange of the upper tubular support member, a lotwer cam assembly coupled to 
the lower tubular support member Including: a tubular base coupled to the lower tubular 
support member, and a plurality of cam anns odending from the tubular base In an 
upward longitudinal direclion, each cam ami defining an lr>cllned surface that mates 
with the Inclined surface of a corresponding one of the upper expansion cone 

10 segments, wherein the cams arms of the upper cam assembly are interleaved wHh and 
overlap the cam anro of the lower cam assembly, and a plurality of lower expansion 
cone segments Interleaved with cam ams of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the internal flange of the lower tubular 
support member and mating with the inclined surface of a conespondlng one of the 

15 cam amis of the upper cam assembly: and wherein the apparatus further includes: 
means for releasably coupling the upper tubular support member to the lower tubular 
support member, and means for limiting movement of the upper tubulsn^ support 
member relative to the lower tubular support member. In an exemplary embodiment, 
the apparatus further Includes: means for pivoting the upper expand cone segntents. 

20 and means for pivoting the lower expansion cone segments. In an exemplary 
embodiment, the apparatus further includes: means for pulling the collapsible 
expansion cone through the expandable tubular member. 

A collapsible expansion cone has also been described that includes an upper cam 
25 assembly including: a tubular base, and a plurality of cam amis extending from the 
tubular base in a downwaid longitudirKd direction, each cam ann defining an inclined 
surface, a plurality of upper expansion cone segments Interleaved vinth the cam arms of 
the upper cam assembly, a lower cam assembly including: a tubular base, and a 
plurality of cam anms extending from the tubular base in an upwanJ longitudinal 
30 direction, each cam ann dining an Inclined surface that mates with the inclined 
surface of a corresponding one of Ihe upper expansion cone segments, v^eln the 
cams amis of the upper cam assembty are interleaved wift and overlap the cam amis 
of the lower cam assembty, a plurality of lower esqpansion cone segments Interteaved 
with cam arms of the lower cam assembty, each lower expansion cone segment mating 
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with the Inclined surface of a corresponding one of the cam arms of the upper cam 
assembly, means for moving the upper cam assembly away from the tower expansion 
cone segnwnts, and means for moving the lower cam assembly away fiom the upper 
expansion cone segments. In an exemplary embodiment, the upper and lower 

5 expansion cone segments together define an arcuate spherical external surface. In an 
exemplary embodiment, each upper expansion cone segment includes: an Inner 
portion defining an arcuate upper surface and arcuate cylindrical lower surfaces, an 
Intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining aicuate cylindrical upper 

10 and lower surfaces, and wherein each lower expansion cone segment Includes: an 
inner portion defining an arcuate cyBndrlcal upper surface and arcuate cylindrical lower 
surfaces, an intennediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces. In an exemplary embodiment, each upper 

15 expansion cone segment is tapered in the longitudinal direction from the Intennediate 
portion to the outer portion, and each lovtrer expansion cone segment is tapeied in the 
longitudinal direction from the Intenmediate portion to the outer portion. 

A method of radially expanding and plastically defomning an expandable tubular 
20 member has also been described that Includes supporting the expandable tubular 
member using a tubular support member and a coltapsible expansion cone. Injecting a 
fluidic material into the tubular support member, sensing the operating pressure of the 
injected fluidic material within a first Interior portion of the tubular support member, 
displacing the collapsible expansion cone relative to the expandable tubular member 
25 when the sensed operating pressure of the Injected fluidic material exceeds a 
predetermined level withfti the first interior portion of the tubular support member, 
sensing the operating pressure of the injected fluidic material within a second interior 
portion of the tubular support member, and collapsing the collapsible expansion cone 
v»hen the sensed operating pressure of the Injected fluidic material exceeds a 
30 predetenmlned level wittiin the second Interior portion of the tubular support member, 
in an exemplary embodiment, the meUiod fiirttier Includes: pulling the collapsible 
expansion cone through the expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a predetennined level within the first 
Interior portion of the tubular support member. In an exemplary embodiment, pulling 
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the collapsible expansion cone through the expandable tubular member indudes: 
coupling one or more cup seals to the tubular support member above the collapsible 
expansion cone, pressuring the Interior of the expandable tubular member below the 
cup seals, and pulling the collapsible expansion cone through the expandable tubular 

5 member using the cup seals. In an exemplary embodiment, the tubular support 
men^r includes an upper tubular support member and a lower tubular support 
member, and wherein collapsing the collapsible expansion cone indudes displadng the 
upper tubular member relative to the lower tubular support member. In an exemplary 
embodiment, the collapsible expansion cone indudes: an upper cam assembly 

10 tnduding: a tubular base, and a plurafity of cam arms extending from the tubular base 
in a downward longitudinal direction, each cam aon defining an Indined surface, a 
plurality of upper expansion cone segments interleaved with the cam anus of the upper 
cam assembly and pNotally coupled to the upper tubular support member, a lower cam 
assembly induding: a tubular base, and a pluraFity of cam anns extending from the 

15 tubular base in an upward longitudinal direction, each cam am defining an Indined 
surface that mates with the indined surface of a corresponding one of the upper 
expansion cone segments, wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the lower cam assembly, and a plurality 
of lower expansion cone segments Interleaved with cam arms of the lower cam 

20 assembly, each lower expansion cone segment pivotalty coupled to the lower tubular 
support member and mating with the indined surfiace of a conresponding one of the 
cam arms of the upper cam assembly. 

It is understood that variat'ons may be made in the foregoing without departing from 
25 the scope of the invention. For example, the teachings of the present illustrative 
embodiments may be used to provide a wellbore casing, a pipeline, or a strudural 
support Furthermore, the elements and teachings of the various illustrative 
embodiments may be combined in whole or in part in some or all of the illustrative 
embodiments. In addition, the expansion surfaces of the expansion cone segments 
30 may indude any fbmn of Indined surface or comblnaUon of indined surface such as. for 
example, conical, spherical, elliptical, and/or parabolic. 

Although illustrative embodiments of the Invention have been shown and described, a 
wide range of modfficatton. changes and substitution is contemplated in the foregoing 
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disclosure. In some Instances, some features of the present invention may be 
employed without a corresponding use of the other features. Acoordingly, It Is 
appropriate that the appended claims be construed broadly and In a manner consistent 
with the scope of the Invention. 
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Claims 



1 « A collapsible expansion cone assembly comprising: 

an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam amis extending from the tubular base in a downwanl 
longitudinal direction, each cam am defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivot«rily coupled to the Internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 

one or more frangible couplings for releasably coupling the upper and lower 
tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support memben and 

a plurality of cam anns extending from the tubular base in an upward Jongitudinal 
direction, each cam ami defining an inclined surface that mates with the inclined 
surface of a conresponding one of the upper expansion cone segments; 

wherein the cams amns of the upper cam assembly are Interieaved with and 
overlap the cam amis of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam amns of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a conresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments Interieave and overiap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defbmiing and radially expanding the 
expandable tubular mennber. 

2. The assembly of daim 1, wherein each upper expansion cone segment 
comprises: 
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an inner portion defining an arcuate cylindrical upper surtece Including a hinge 
groove for pivolally coupling the upper expansion cone segment to the upper tubular 
support memt>er and arcuate cylindrical lower surfeces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfeces; and 

wherein each lower expansbn cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surfece including a hinge 
groove for pivotally coupling the lower expansion cone segment to ttie lower tubular 
10 support member and arcuate cylindrical lower sur^ces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces* 

1 5 3, The assembly of daim 1 , wherein each upper expansion cone segment is 

tapered in ttie longitudinal direction from tiie intemnediate portion to the outer portion; 
and 

wherein each lower expansion cone segment Is tapered in tiie longitudinal 
direction from the Intermediate portion to ttie outer portion. 

20 

4. A collapsible expansion cone assembly, comprising: 

an upper tubular support member comprising an intemal flange; 

an upper cam assembly coupled to the upper tubular support member 

oorr^rishg: 

25 a tubular base coupled to ttie upper support member; and 

a plurall^ of cam amns extending firom ttie tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interieaved witti ttie cam amns of 
ttie upper cam assembly and pivotally coupled to ttie Intemal flange of the upper 
30 tubular support member; 

a lower tubular support member comprising an intemal flange; 
one or more frangible couplings for releasabty coupling the upper and lower 
tubular support members; 

a lower cam assembly coupled to the tower tubular support member comprising: 

32 



■) 

a tubular base coupled to the lower tubular support member, and 
a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an Inclined surface that mates with the Inclined 
BurtBCB of a corresponding one of the upper expansion cone segments; 
5 wherein the cams anfns of the upper cam assembly are interleaved with and 
overlap the cam amns of the lower cam assembly; and 

a pluran^ of lower expansion cone segments Interleaved with cam arms of the 
lower cam assembly, each lower expansion oone segment ph^otally coupled to the 
intemal flange of the lower tubular support member and mating with the inclined 
10 surface of a conresponding one of the cam anms of the upper cam assembly; 

wherein the lower expansion oone segments interleave and overlap the upper 
expansion cone segments; 

wherein the upper and lower expansion oone segments together define an 
arcuate spherical external surfece for plastically defomnlng and radially expanding the 
1 5 expandable tubular member; 

wherein each upper expansion oone segment comprises: 
an Inner portion defining an arcuate ^indricai upper surfooe including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 
20 an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 

and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaoes; 
wherein each lower expansion cone segment comprises: 
an inner portion defining an arcuate c^lndrical upper surface including a hinge 
25 groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intemiediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate c^indrical upper and lower surfaces; 
30 wherein each upper expansion oone segment is tapered in the longitudinal 

direction from the intermediate portion to ttie outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 
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S. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 
a tubular base; and 

a plurality of cam arms extending from the tubular t>ase in a downward 
longitudinal direction, each cam anm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam anms extending from the tubular base in an upward longitudinal 
direction, each cam Bxm defining an inclined surface that mates with the inclined 
surface of a oonBSponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam anms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surface of a corresponding one of the cam amis of the upper cam assembly; 

means for moving the upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

6. The apparatus of dalm 5. wherein the upper and lower expansion cone 
segments together d^ne an arcuate spherical external surface. 

7. The apparatus of daim 5, wherein each upper expansion cone segment 
comprises: 

an Inner portion defining an arcuate c^indrical upper surface and arcuate 
cylindrical lower surfaces; 

an intonmdiate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper arvi lower surfaces; and 

wherein each lower expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
5 an outer portion defining arcuate cylindrical upper and lower surfaces. 

6. The apparatus of claim 5, wherein each upper expansion cone segment is 
tepered In the longitudinal direction from the intemnediate portion to the outer portion; 
and 

10 wherein each lower expansion cone segment is tepered In the longitudinal 

direction from the tntemiediate portion to the outer portion. 

9. A collapsible expansion cone assembly comprising: 

an upper tutHilar support meml)er comprising an internal flar^e; 
15 an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper support member, and 
a plurality of cam arms extending from the tubular base In a downward 
longitudinal direction, each cam am defining an inclined surface; 
20 a plurality of upper expansion cone segments Interieaved with the cam amis of 

the upper cam assembly and pivotelly coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an Intemal flange; 
a lower cam assembly coupled to the lower tubular support member comprising: 
25 a tubuter base coupled to the lower tubular support memben and 

a plurality of cam arms extending from the tobular base in an upward longitudinal 
direcflon, each cam arm defining an Inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interieaved with and 
30 overiap the cam anms of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved with cam arms of the 
lower cam assembly, each lower expanston cone segment pivotelly coupled to the 
Intemal flange of the lower tobular support member and mating with the Inclined 
surface of a coniesponding one of the cam arms of the upper cam assembly; 
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wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments. 

10. The assembly of daim 9, wherein the upper and lower expansion cone segments 
5 together define an arcuate spherical external surface for plastically defomjing and 

radially expanding the expandable tubular member. 

11. The assembly of daim 9, wherein each upper expansion cone segment 
comprises: 

10 an Inner portion defining an arcuate cylindrical upper surface Induding a hinge 

groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate c^indrical lower surfiaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
15 an outer portion defining arcuate cylndrical upper and lower surfeces; and 

wherein each lower expansion cone segment comprises: 
an inner portion defining an arcuate ^indrical upper surface induding a hir^ 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate (^indrical lower surfaces; 
20 an Intemnediate portion defining arcuate cylindrical and spherical upper surfaces 

and an arcuate conical lower surface; and 

an outer portion defining arcuate ^ndrical upper and lower surteces. 

12. The assembly of daim 9, wherein each upper expansion cone segment is 
25 tepered In the longitudinal direction from the intermediate portion to the cuter porbon; 

and wherein each lower expansion cone segment is tepered in the longitudinal 
direction from the Intemnediate portion to the outer porUon. 
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1. An apparatus Ux radially expanding and plastically defomUng an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or more cup seals coupled to tfw exterior surface of ttie upper tubular 
support member for sealing an Interface between the upper tubular support member 
and the expandable tubular member, 

an upper cam assembly coupled to the upper tubular support member 
10 comprising: 

a tubular base coupled to the upper tubular support memben and 
a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interieaved with the cam amis of 
the upper cam assembly and pivotally coupled to the tubular support member; 

a lower tubular support member defining a second passage fluldldy coupled to 
the first passage releasably coupled to the upper tubular support member, 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support memben and 
20 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an Inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interieaved with and 
overlap the cam arms of the lower cam assembly; and 
25 a pluraiity of lower expansion cone segments Interieaved with cam amis of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the Inclined surface of a corresponding 
one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interieave and overiap the upper 
30 expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defbrmlng and radially expanding the 
expandable tubular member. 

2. The apparatus of daim 1 . wherein the upper tubular support member comprises: 
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a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
drcumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurafity of drcumferentially spaced apart 
5 meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; and 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of droumferentiaily spaced apart meshing 
teeth. 

10 

3. The apparatus of daim 2, wherein the tutiular base of the upper cam assembly 
comprises a plurality of drcumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the external flange of the lower mandrel. 

15 4. The apparatus of daim 2, further comprising: 

a stop nut coupled to an end of the lower mandrel for limiting the movement of 
the lower tubular member relative to the lower mandrel. 

5. The apparatus of daim 2, further comprising: 
20 locking dogs coupled to the lower rrandrei. 

6. The apparatus of daim 1 , wherein the lower tubular support member comprises: 
a float shoe adapter comprising a plurality of drcumferentiatly spaced apart 

meshing teeth at one end. an internal flange, and a torsional coupling at another end; 
25 a lower retaining sleeve coupled to an end of the float shoe adapter comprising 

an internal flange for pivotally engaging the lower expansion cone segments; and 

a retaining sleeve received within the float shoe adapter reieasably coupled to 
the upper tubular support member. 

30 7. The apparatus of daim 6. wherein an end of the retaining sleeve abuts an end of 
the tubular base of the lower cam assembly. 
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8. The apparatus of daim 6, wherein the tubular base of the kwver cam assembly 
comprises a pluiality of drcumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the float shoe adaptor. 

5 9. The apparatus of dabn 6, further comprising: 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor, 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and louver expansion cone segments. 

10 

10. The apparatus of daim 1 . further comprising: 

one or more shear pins coupled between flie upper tubular support member and 
the lower tubular support member. 

15 11. The apparatus of daim 1 , further comprising: 

a stop member coupled to the upper tubular support member for limiting 
movement of the upper tubular support member relative to the lower tubular support 
member. 

20 12. The apparatus of daim 1 , further comprising: 

a float shoe releasably coupled to the lower tubular support member that defines 
a valveable passage; and 

an expandable tubular member coupled to the float shoe and supported by and 
movabiy coupled to the upper and tower expansion cone segments. 

25 

13. The apparatus of claim 1, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotaty coupling the upper expansion cone segment to the upper tubular 
30 support member and arcuate ^indrical lower surfeices; 

an intennediate portion defining arcuate c^ndricai and spherical upper surfaces 
and an arcuate cortical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
wherein each lower expansion cone segment comprises: 
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an Inner portion defining an arcuate cylindrical upper surface induding a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an Intemiediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

14. The apparatus of dalm 13, wherein each upper expansion cone segment Is 
tapered in the longitudinal direction from the Intermediate portion to the outer portion; 

10 and wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the Intemnediate portion to the outer portion. 

15. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

15 a safety collan 

a torque plate coupled to the safety collar comprising a plurality of 
drcumferentially spaced apart meshing teeth at an end; 

an upper ntandrel comprising a plurality of drcumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
20 external flange at another end; 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of drcumferentially spaced apart meshing 
teeth; 

a stop nut coupled to an end of the lower mandrel; 
25 an upper retaining sleeve coupled to the tower mandrel comprising an internal 

flange; 

one or more cup seals coupled to the upper mandrel for sealing an Interface 
between the upper mandrel and the expandable tubular memben 

an upper cam assembly coupled to the tower mandrel comprising: 
30 a tubular base comprising a plurality of drcumferentially spaced apart meshing 

teetti for engaging the meshing teetti of tiie external flange of the lower mandrel; and 

a plurality of cam arms extending from ttie tubular base In a downv^rd 
longitudinal direction, each cam arm defining an Indined surface; 
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a plurality of upper expansion cone segments Interteaved with the cam arms of 
the upper cam assembly and pivotally coupled to the Internal flange of the upper 
retairang sleeve; 

a float shoe adapter comprising a plurality of drcumferentlally spaced apart 
5 meshing teeth at one end. an Internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an Intemai flange; 

a retaining sleeve received within the float shoe adapten 

one or more shear pins for releasably coupling the retaining sleeve to the stop 

10 nut; 

a iQfwer cam assembly coupled to the float shoe adapter comprising: 

a tubular base comprising a plurality of drcumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the float shoe adapter, and 

a plurality of cam amis Ending from the tubular base In an upward longitudinal 
15 direction, each cam ami defining an inclined surfeoe that mates with the Inclined 
surface of a corresponding one of the upper expanston cone segments; 

wherein the cams anms of the upper cam assembly are Interteaved with and 
overiap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments Interteaved with cam amis of the 
20 lower cam assembly, each lower expansion cone segment pivotally coupled to the 
intemai flange cf the lower retaining sleeve and mating with the inclined surface of a 
corresponding one of the cam arms of the upper cam assembly; 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor; 

and 

25 an expandable tubular member coupled to the float shoe and supported by and 

movaUy coupled to the upper and lower expansion cone segments; 

wherein the lower expansion cone segmente Interieave and overiap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
30 arcuate spherical external surface for plasticaliy deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an Inner portion defining an arcuate cylindrical upper surface Including a hinge 
groove for pivolally coupling the upper expansion cone segment to the upper tut>ular 
support member and arcuate cylindrical lower surtiaoes; 

an intermediate portion defining arcuate cylindrical and spherical upper surfeoes 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an Inner portion defining an arcuate cylindrical upper surfece including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
1 0 support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lov/er surface; and 

an outer portion defining arcuate (^indrical upper and lower surteces; 

wherein each upper expansion cone segment is tepered in the longitudinal 
1 5 direction from the Intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tepered In the longitudinal 
direction from the intennediate portion to the outer portion. 

1 6. A collapsible expanston cone assembly comprising: 
20 an upper tubular support member comprising an Internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member and 

a plurality of cam arms extending from the tubular base in a downward 
25 longitudinal direction, each cam ann defining an Inclined surface; 

a plurality of upper expansion cone segmente Interteaved with the cam anns of 
the upper cam assembly and pivotelly coupled to the internal flange of the upper 
tubular support memben 

a lower tubular support member comprising an Internal flange; 
30 one or more frangible couplings for reieasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 
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a plurality of cam arms extending from the tubular base in an upward longitudinal 
dlnaclion, each cam ami defining an inclined surface that mates with the Inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
5 overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam amis of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam anms of the upper cam assembly; 
10 wherein the lower expansion cone segments interleave and overlap the upper 

expan^on cone segments; and 

virherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
mpandaMe tubular member. 

15 

17. The assembly of claim 16, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
20 support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
wherein each bwer expansion cone segment comprises: 
25 an Inner portion defining an arcuate cylindrical upper surface including a hinge 

groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
30 an outer portion defining anxiate cylindrical upper and lower suriaces. 

18. The assembly of daim 16, wherein each upper expansion cone segment is 
tepered in the longitudinal direction from the intennediate portion to the outer portion; 
and 
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wherein each lower expansion cone segment is tapered in «he longitudinal 
direction from the intenrtedlate portion to the outer portion. 

1 9. A collapstble expansion cone assembly, comprising: 

an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 

oofT^rising: 

a tubular base coupled to the upper support member; and 

a plurality of cam anro extending from the tubular base in a downwaid 
longitudinal direction, each cam ami defining an Inclined surface; 

a plurality of upper expansion cone segments Interieaved with the cam amis of 
the upper cam assembly and pivotally coupled to the internal flar^e of the upper 
tubular support memben 

a lower tubular support member comprising an Internal flange; 

one or more frangible couplings for releasably coupling the upper and lower 
tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member, and 
a plurality of cam anns extending from the tobular base In an upward longitudinal 
direction, each cam amn defining an inclined surface that mates with the inclined 
surface of a conesponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interieaved with and 
overtap the cam anns of the lower cam assembly; and 

a plurality of lower expansion cone segments Interieaved with cam amis of the 
lower cam assembly, each lower expansion cone segment phwitally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a conesponding one of the cam anns of the upp^* cam assembly; 

wherein the lower expansion cone segmente Interieave and overiap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defonning and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surfece including a hinge 
groove for pivotally coupling the upper expanston cone segment to the upper tubular 
support member and arcuate (^ndrical lower surfaces; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate c^lndrical upper surfece Including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
10 support member and arcuate ^indrical lower surbces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
15 direction from the intennediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemiediate portion to the outer portion. 

20. An apparatus for radially expanding and plastically deforming an expandable 
20 tubular member, comprising: 

a tubular support member, 

a collapsible expansion cone coupled to the tubular support memben 
an expandable tubular member coupled to the collapsible expansion cone; 
means for displacing the collapsible expansion cone relative to the expandable 
25 tubular member, and 

means for collapsing tiie expansion cone. 

21. The apparatus of daim 20. wherein the tubular support member comprises an 
upper tubular support member comprising an internal flange and a lower tubular 

30 Support member comprising an intemal flange; wherein the expansion cone comprises: 
an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
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a plurality of cam anns extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam anms of 
the upper cam assembly and pivotally coupled to the int^nal flange of the upper 
5 tubular support member 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support memben and 

a plurality of cam anns extending from the tubular base In an upwanj longitudinal 
direction, each cam ami defining an Inclined surface that mates with the Inclined 
1 0 surface of a corresponding one of the upper expansion cone segnrients; 

wherein the cams anns of the upper cam assembly are interleaved with and 
overlap the cam amis of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved vAth cam anns of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
15 bitemal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; and 
wherein the apparatus further comprises: 

means for releasably coupling the upper tubular support member to the lower 
tubular support memben and 
20 means for Kmiting movement of the upper tubular support member relative to the 

lower tubular support member. 

22. The apparatus of dalm 20, further comprising: 

means for pivoting the upper expansion cone segments; and 
25 means for pivoting the lower expansion cone segments. 

23. The apparatus of dalm 20, further comprising: 

means for pulling the collapsible expansion cone through the expandable tubular 
member. 

30 

24. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 

a tubular base; and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an Inclined surface; 

a plurarrty of upper expansion cone segments interleaved with the cam amis of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tutKJiar base; and 

a plurality of cam anns extending from the tubular base in an upward longitudinal 
direction, each cam anm defining an inclined surface that mates with the inclined 
surface of a oonnesponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interleaved with and 
overlsqf) the cam anms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam anms of the 
lower cam assembly, each lower mpanslon cone segment mating with the inclined 
surfeoe of a conresponding one of the cam anms of the upper cam assembly; 

means for nraving the upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the lovifer cam assembly away from the upper expansion cone 
segments. 

25. The apparatus of daim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

26. The apparatus of dalm 24. wherein each upper expansion cone segment 

comprises: 

an inner portion defining an arcuate cylindrioai upper surface and arcuate 
cylindrical lower surfaces; 

an intenmediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surbce; and 

an outer portion defining arcuate cyKndrfcal upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an Intenmediate portion defining arcuate cylindrical and spherical upper suiteces 
and an arcuate conical lower surtece; and 
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an outer portion defintng arcuate cylindrical upper and lower surfaces. 

27. The apparatus of daim 24, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intemnediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered In the longitudinal 
direction from the intermediate portion to the outer portion. 

28. A method of radially expanding and plastically deforming an expandable tubular 
meml)er, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

Injecting a fluidic n^aterial into the tubular support member; 

sensing the operating pressure of the injected fluidic material within a first interior 
portion of the tutHilar support member, 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of ttie injected fluidic material exceeds a 
predetermined level within ttie first Interior portion of ttie tubular support memben 

sensing the operating pressure of ttie Injected fluidic material within a second 
interior portion of the tubular support memben and 

collapsing ttie ooHapsible expansion cone when the sensed operating pressure of 
ttie injected fluidic material exceeds a predetermined level within the second interior 
portion of the tutelar support member. 

29* The method of daim 28, further comprising: 

pulling the collapsible expansion cone ttirough ttie expandable tubular member 
when the sensed operating pressure of the injected fluidic material mceeds a 
predetermined level within the flrst interior portion of ttie tubular support member. 

30. The method of daim 29, wherein pulling the collapsible expansion cone ttirough 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support member above the 
collapsible expansion cone; 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an Inclined surface; 

a plurality of upper expansion cone segments Interleaved with the cam arms of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base In an upward longitudinal 
direction, each cam amn definir^ an Inclined surface that mates with the Inclined 
surfaice of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam anns of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment mating with the Inclined 
surface of a corresponding one of the cam amis of the upper cam assemt>ly; 

means for moving the upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

25. The apparatus of daim 24, wher^n the upper and lower expansion cone 
segments together define an arcuate spherical external surl^ce. 

26. The apparatus of daim 24. wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate c^indricat and spherical upper surfaces 
and an arcuate conical lower surtece; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein eadh lower expansion cone segment comprises: 

an inner porfion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intemiediate portion deTtning arcuate cyitndrical and spherical upper surteces 
and an arcuate conical lower surface: and 
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an outer portion defining arcuate cylindrical upper and iower surfaces. 

27. The apparatus of claim 24. wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

28. A method of radially expanding and plastically defomiing an expandatile tut>u1ar 
member, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

injecting a fluldic material Into the tubular support member; 

sensing the operating pressure of the injected fiuidic material within a first interior 
portion of the tutnjiar support member 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the Injected fiuidic material exceeds a 
predetenmined level within the f rst interior portion of the tubular support member 

sensing the operating pressure of the injected fiuidic material within a second 
Interior portion of the tubular support member, and 

collapsing the collapsible expandon cone when the sensed operating pressure of 
ttie injected fiuidic material exceeds a predetermined level witiiin the second interior 
portion of the tubular support member. 

29. The method of daim 28, further comprising: 

pulling the collapsible expansion cone through ttie expandable tubular memt)er 
when the sensed operating pressure of the injected fiuidic material exceeds a 
predetenmined tevel witiiin tiie first interior portion of tiie tubular support member. 

30. The mettiod of daim 29, wherein pulling ttie collapsible expansion oone tiirough 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support member above the 
collapsible expansion oone; 
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pressuring the interior of the expandable tubular member below the cup seals; 

and 

pulling the collapsible expansion cone through the ^andable tubular member 
using the cup seals. 

31. The method of daim 28, wherein the tubular support member comprises an 
upper tubular support member and a lower tubular support member; and wherein 
collapsing the collapsible expansion cone comprises displacing the upper tulmlar 
member relative to the lower tubular support member. 

32. The method of daim 31 , wherein the collapsible expansion cone comprises: 
an upper cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base in a downward 
tongitudlnal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments Interieaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member, 
a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam amns extending from the tubular base in an upward longitudinal 
direction, each cam ami defining an Inclined surtece that mates with the inclined 
surface of a conesprnding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are Interieaved with and 
overtap the cam amis of the lower cam assembly; and 

a plurality of lower expansion cone segmente interieaved with cam anns of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to th^ 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 
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